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MONTHLY  PERFORMANCE  REPORT 
CONCORD  LIGHT  PLANT 
APRIL  1979 

I.    SYSTEM  DESCRIPTION 

The  solar  energy  installation  at  the  Concord  Light  Plant,  Concord, 
Massachusetts,  is  an  air  system  that  provides  space  heating  for  a  munici- 
pal garage  and  office  area.  The  system,  shown  schematically  in  Figure 
1,  consists  of  an  array  of  92  flat-plate  collectors,  manufactured  by 
Sunworks,  having  a  gross  area  of  1,932  square  feet.  The  collector  array 
faces  14  degrees  east  of  south  at  an  angle  of  57  degrees  from  the  horizon- 
tal. Solar  energy  is  stored  in  a  rock  thermal  storage  bin  with  a  capacity 
of  1,210  cubic  feet.  It  is  located  in  a  corner  of  the  garage.  This 
solar  energy  system  also  includes  a  fan,  seven  motorized  dampers  and 
duct  work.  Auxiliary  energy  is  provided  by  electrical  resistance  heaters 
rated  at  approximately  140  kw.  The  solar  energy  system  is  designed  to  aid 
in  maintaining  the  garage  temperature  at  50°F.  If  any  additional  energy 
is  available,  it  is  delivered  to  the  office  area,  which  is  maintained  at 
approximately  68°F.  The  system  air  flow  is  controlled  by  six  motor-driven 
dampers.  If  the  solar  heated  air  is  too  hot  for  delivery,  the  seventh 
damper,  which  is  the  tempering  damper  D6,  mixes  ambient  garage  air  with 
the  solar  heated  air.  The  system  has  three  modes  of  solar  operation. 

Mode  1  -  Collector-to-Space  Heating:  In  this  mode,  solar  heated  air  is 
delivered  directly  from  the  collector  array  to  the  conditioned  space. 
This  will  happen  whenever  there  is  a  demand  for  space  heating  and  the 
collector  array  temperature  is  higher  than  the  conditioned  space  or 
storage  temperatures. 

Mode  2  -  Collector-to-Storage:  The  system  enters  this  mode  whenever  the 
space  heating  demands  have  been  satisfied  and  the  collector  array  tempera- 
ture is  higher  than  the  storage  temperature.  The  dampers  are  positioned 
to  deliver  solar  heated  air  directly  to  storage. 
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Mode  3  -  Storage-to-Space  Heating:  This  mode  is  entered  whenever  a  demand 
for  space  heating  exists  and  the  collector  array  temperature  is  .lower  than 
the  temperature  of  the  conditioned  space.  If  the  storage  bin  temperature 
is  higher  than  the  temperature  of  the  conditioned  space,  then  heated  air  is 
taken  directly  from  storage  and  circulated  through  the  conditioned  space. 

II.   PERFORMANCE  EVALUATION 

The  system  performance  evaluations  discussed  in  this  section  are  based 
primarily  on  the  analysis  of  the  data  presented  in  the  attached  computer- 
generated  monthly  report.  This  attached  report  consists  of  daily  site 
thermal  and  energy  values  for  each  subsystem,  plus  environmental  data.  The 
performance  factors  discussed  in  this  report  are  based  upon  the  definitions 
contained  in  NBSIR-76-1137,  Thermal  Data  Requirements  and  Performance  Eval- 
uation Procedures  for  the  National  Solar  Heating  and  Cooling  Demonstration 
Program. 

A.    Introduction 

The  Concord  Light  Plant  solar  energy  system  was  operational  throughout  the 
month  of  April.  However,  problems  in  the  data  collection  and  processing 
system  resulted  in  the  loss  of  19  days  of  data  for  the  month.  Therefore, 
there  are  no  monthly  averages  presented  for  April  in  this  report.  It  is 
not  feasible  to  extrapolate  averages  for  a  transitional  month  such  as 
April  with  only  11  days  of  data  to  work  with. 

The  first  data  loss  period  occurred  from  April  1  through  April  7,  and  the 
second  data  loss  period  occurred  from  April  9  through  April  17.  Both  of 
these  data  loss  periods  were  related  to  problems  in  the  Site  Data  Acquisi- 
tion Subsystem  (SDAS),  and  a  site  visit  was  made  on  April  7  and  again  on 
April  17  to  repair  the  SDAS.  The  second  site  visit  on  April  17  seemed  to 
correct  the  SDAS  problems,  but  additional  problems  of  unknown  origin  caused 
data  to  be  lost  on  April  24,  25,  and  30. 


For  the  11  days  covered  by  this  report  the  solar  energy  system  satisfied 
approximately  90  percent  of  the  space  heating  energy  requirements  at  the 
Concord  Light  Plant.  This  resulted  in  a  net  savings  of  3.05  million  Btu 
of  electrical  energy.  A  total  of  0.77  million  Btu  of  electrical  operating 
energy  was  required  to  support  the  solar  energy  system. 

B.  Weather 

Because  April  is  a  transitional  month  in  the  Concord  area,  both  tempera- 
ture and  cloud  cover  are  subject  to  considerable  variation.  For  April, 
the  long-term  average  outside  ambient  temperature  for  the  area  is  47°F, 
and  the  average  insolation  incident  in  the  plane  of  the  collector  array 
is  1,239  Btu/ft2-day. 

Both  the  long-term  average  temperature  and  insolation  values  are  computed 
from  averages  derived  from  three  weather  stations  in  the  general  area.  Two 
of  these  are  located  in  the  cities  of  Boston  and  Natick,  and  the  third  is 
the  Blue  Hill  Observatory,  located  in  Milton.  The  Blue  Hill  Observatory 
station  is  approximately  10  miles  south  of  the  Boston  station  and  at  a 
much  higher  elevation.  It  is  therefore  not  subject  to  the  environmental 
pollutants  typical  of  a  large  city  such  as  Boston. 

C.  System  Thermal  Performance 

Collector  -  During  the  abbreviated  reporting  period,  a  total  of  32.68  mil- 
lion Btu  of  incident  solar  energy  was  measured  in  the  plane  of  the  collec- 
tor array.  The  system  collected  7.88  million  Btu,  or  24  percent  of  the 
total  available  insolation.  During  the  time  when  the  system  was  operating, 
a  total  of  22.23  million  Btu  of  solar  energy  was  incident  on  the  array. 
This  represents  an  operational  collector  efficiency  of  35  percent.  A  total 
of  0.44  million  Btu  of  electrical  energy  was  required  to  operate  the  col- 
lector array. 


Storage  -  During  the  time  when  the  system  was  operating  in  the  Collector- 
to-Storage  mode,  a  total  of  7.17  million  Btu  of  solar  energy  was  collec- 
ted. Of  this  total,  5.72  million  Btu  were  delivered  to  storage,  and 
consequently,  1.45  million  Btu  were  lost  between  the  collector  array  and 
storage.  However,  approximately  1.16  million  Btu  of  this  loss  was  in  the 
form  of  leakage  past  damper  D2  and  thus  served  as  an  uncontrolled  heat 
input  to  the  garage  area. 

Of  the  3.38  million  Btu  extracted  from  storage  to  supply  the  space  heating 
load,  3.11  million  Btu  were  delivered  to  the  space  heating  load.  The  dif- 
ference of  0.27  million  Btu  is  primarily  due  to  transport  losses  to  the 
building  interior. 

The  change  in  stored  energy  (based  only  on  the  daily  values,  and  not  the  sum 
printed  in  the  attached  computer  generated  monthly  report)  was  1.90  million 
Btu,  and  this,  combined  with  the  energy  supplied  to  and  removed  from  storage, 
resulted  in  a  thermal  loss  from  storage  of  0.44  million  Btu.  However,  due 
to  the  data  loss  problem  these  storage  energy  change  and  loss  computations 
should  be  viewed  with  caution.  (Approximately  0.01  million  Btu  of  the  stor- 
age loss  was  due  to  thermosiphoning  losses  through  the  collector  array  when 
the  system  was  off.) 

Space  Heating  Load  -  The  space  heating  load  for  the  11  reportable  days  in 
April  was  4.26  million  Btu.  Solar  energy  supplied  3.82  million  Btu  of  this 
load,  and  the  remaining  0.44  million  Btu  was  supplied  by  the  electrical 
auxiliary  system.  This  represents  a  heating  solar  fraction  of  90  percent. 

Of  the  3.82  million  Btu  of  solar  energy  supplied  to  the  space  heating  load, 
0.71  million  Btu  came  directly  from  the  collector  array  and  the  remaining 
3.11  million  Btu  came  from  storage.  A  total  of  0.33  million  Btu  of  electri- 
cal operating  energy  was  required  to  deliver  solar  energy  to  the  space  heat- 
ing load. 


The  0.44  million  Btu  of  auxiliary  energy  required  to  support  the  space 
heating  load  was  all  expended  in  the  office  area.  The  solar  energy  system 
was  able  to  fully  support  the  garage  space  heating  requirements. 

The  overall  building  temperature  was  maintained  at  65.6°F.  The  average 
garage  temperature  was  64.7°F,  and  the  average  office  temperature  was 
70.6°F. 

D.  Observations 

In  general,  the  Concord  Light  Plant  solar  energy  system  performed  well 
during  the  periods  for  which  data  were  available  in  April.  There  were 
no  system  problems  of  any  type  discovered  during  this  time. 

E.  Energy  Savings 

The  Concord  Light  Plant  solar  energy  system  realized  a  gross  savings  of 
3.82  million  Btu  in  the  electrical  energy  requirements  for  space  heating 
during  the  report  period.  However,  solar  energy  was  collected  and  deliv- 
ered at  a  cost  of  0.77  million  Btu  in  electrical  operating  energy.  The 
electrical  energy  net  savings  for  the  overall  system  amounted  to  3.05 
million  Btu. 

III.  ACTION  STATUS 

The  data  loss  problem  is  currently  under  investigation.  It  is  anticipated 
that  the  problem  will  be  isolated  by  the  second  week  in  May. 
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